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Abstract—Being able to study our bodies of water is extremely
important to understanding our earth and how climate change
is affecting it. Robotic, underwater collection devices are being
designed and utilized to help with this endeavor. By taking a
robot that is traditionally used in an oceanic setting and
modifying it to be suited for research in the Great Lakes, a
different form of data collection can begin to take place and
further increase our knowledge for that region. The Short
Range Wave Glider combines the benefits of several different
underwater robots and is designed specifically for Great Lakes
research.

I.

INTRODUCTION

The Great Lakes hold approximately one-fifth of
the worlds surface freshwater. They are also the singular
home of many animal species, both in the lakes themselves
and along their shorelines. [2] This makes them a unique
and important ecosystem. However, they are under many
different threats, such as pollution, invasive species, and
climate change. Pollution can come from runoff, mining
operations, and from toxicants that are released into the
water. Unfortunately, a minimal amount of water leaves the
lakes which causes pollution to build up over time and
become a semi-permanent part of the ecosystem. [2]
Furthermore, the effects of climate change on the Great
Lakes can be devastating. Not only will climate change
continue to decrease the quality of the water within them,
the changing climate will exacerbate the problem of
pollution and invasive species in the lakes. The changing
environment within the Great Lakes due to climate change
is making the lakes suitable for invasive species.
Additionally, the hotter temperatures cause the lakes to
recede, causing the wetlands which would normally act to
filter pollution from entering the lakes to dry out. [2]
Research must be done throughout the Great Lakes
and other large freshwater bodies to understand and
counteract the factors that threatens them. By having an
autonomous or semi-autonomous system gathering data
from around the lake, factors such as, but not limited to,
water temperature, air temperature, and water quality could
be monitored and recorded. Also, the threat posed by
invasive species could be more closely monitored and
controlled. On average, a new non-native species is found in
the Great Lakes every 28 weeks. [2] By utilizing data
gathered at various points throughout them, the populations
and movements of these invasive species can be monitored
and studied by researchers to control the inflow of non-

native species and their overall impact on the ecosystem. By
measuring other aspects of the water quality, such as pH
level, conductivity, and oxygen level, the effects of
pollution on the lakes could be studied. This information
would not only be useful from a research standpoint but
could also be used by communities surrounding the lake
who may be using the lakes’ water for city or agricultural
purposes.
Long Range robots, such as the Liquid Robotics
Wave Glider, are not necessary for bodies of water like the
Great Lakes. The Wave Glider is designed and built to
withstand extreme weather and temperatures, as well as be
in use for months or even years at a time. Since the
freshwater bodies are much smaller and experience much
less extreme conditions, using such a robot would be a
waste of resources. Unmanned Surface Vehicles themselves
are not widely used in the Great Lakes, even for longer
range applications, and are unheard of for shorter range
applications which are ideal to help supplement currently
ongoing research.
II.

MATERIALS AND METHODS

The Short Range Wave Glider is comprised of three
different areas, electrical, mechanical, and computer science.
Each of these areas had to be developed to work seamlessly
with each other to create a working robot.
A. Electrical
The Short Range Wave Glider requires several different
electrical components to work, the first of which is
powering the robot. It is powered using several sets of
lithium polymer batteries. These batteries create a network
of varying voltages throughout the wave glider that power a
variety of sensors, microprocessors, and computers. The
second component is comprised of the environmental
sensors. These sensors were chosen and placed throughout
the robot to be able to detect conditions underwater. This
includes detecting water temperatures and aquatic
bioacoustics. These sensors will work together to give an
indication of the water conditions around the Great Lakes
and the correlating animal life. Lastly, a communication and
navigation system was developed. This system was created
to allow for the wave glider to complete obstacle avoidance,
and determine its position, speed and heading all throughout
the Lakes. Furthermore, the communication system takes
the data that is being collected by the environmental sensors
and transfers it to modems that would be available at

different points throughout the lakes, making it so that data
could be available to process and study before the Short
Range Wave Glider returned from its mission.
B. Mechanical
Mechanically speaking, the Short Range Wave Glider
consists of three major components: the float, the
submersible, and the tether that will connect the two. The
float, which will ride on the surface of the water, is used to
house the batteries, a microprocessor, and the computer
which will be responsible for reading and storing all the
environmental data collected. It is covered to protect the
inner components from any water and has two hatches to
allow the operator to access the components from
maintenance. Wires connecting the sensors in the
submersible to the computer and the batteries in the sub will
pass through the tether. Finally, the sub will contain the
environmental sensors on the Glider, as well as the rudder
and thruster system which will be used to steer the entire
robot.

III.

RESULTS AND DISCUSSION

The prototype of the Short Range Wave Glider was
designed and built to house all the components needed as
well as be resistant to the environment found in the Great
Lakes. Between the float and the submerisble, the wave
glider holdes the combination of environmental sensors that
will be used to create a picture of the health of the Great
Lakes regions. Each of the systems was tested individually
to prove that it could work together to accomplish the tasks
set forth for it. The mechanical aspects of the prototypes
were shown to be waterproof for extended periods of time.
The environmental sensors gave indication that they could
pick up accurate readings and store, send, and process this
information. Although, due to the circumstances, the
prototype was not able to be tested throughouly as a
comprehensive unit. However, due to drawings in CAD,
wiring diagrams, and testing of basic code, it was shown
that the Short Range Wave Glider would have been a
success underwater data collection device.
IV.

CONCLUSIONS

Overall, the prototype of the Short Range Wave Glide was
built as a first iteration of an efficient and creative underwater
data collection robot that was intended specifically for the
Great Lakes. While the manufacturing phase was limited due
to unforeseen circumstances, each system of the robot had a
proof of concept created and tested. With the success of these
tests, it could be concluded that the Short Range Wave Glider
would have been proficient in its tasks as a data collection
device. Its sturdy and relatively small chassis is an asset to
being used within the Great Lakes Regions. Furthermore, its
combination of environmental sensors helps to create a
portrayal of the water conditions around the lakes.
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C. Computer Science
Each of the electronic subsystems and sensors had to be
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managed within a ROS framework. The ROS framework is
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incoming obstacles. All of this information was compared to
the predetermined geo-bounded area of operations to
determine if alterations to the course were necessary and
instructions were sent to modulate the steering mechanisms
as needed.
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Personal Contribution
My contributions to the project include researching and designing the buoyancy and
locomotion system. Theoretical calculations were performed to determine the viability,
feasibility, and cost of various bladder designs. Using these calculations, the team was able to
determine which option to continue pursuing and use in the final design. I also outlined the final
buoyancy design and modeled the rudder systems in Solidworks. After deciding on a size of the
final design, I started prototyping. Using a 1:4 scale down, I was able to construct a small
prototype with which to test our design and look for problems and identify areas for
improvement.
In the second semester of the project, my contributions were towards circuit design and
software design. I designed the circuits for all the temperature, depth, and leak sensors, the IMU,
the GPS, and the echosounder. In addition to designing the circuits, I also wrote the Arduino
code that interpreted the data from these sensors. In addition to the Arduino code, I created and
wrote the codebase in Python2 to manage guidance, data logging, and the emergency shutdown.
The code was tested in the small scale and without assembling the full-scale prototype and it
appears that each system is functioning properly.
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Abstract
Large oceanic wave gliders are currently being used in oceans around the world to collect
important data used by scientists to assess water quality and marine life. While these systems
work well, and are designed for, long range missions, often taking data for several months at a
time, a similar system has yet to be designed for smaller bodies of water, such as the Great
Lakes. The Great Lakes are currently being affected by such issues as pollution, invasive species,
and the harmful effects of global warming. By deploying a wave glider system into the Great
Lakes region, scientists will be able to monitor and study the development of these issues within
them and work towards bettering these ecosystems. To ensure that this system is effective and
would be properly suited for use in smaller bodies of water, oceanic wave gliders were
researched to get a better idea of an appropriate scale, and current wave gliders and their patents
were researched to ensure that the proposed idea would be suitable for its environment and it
would not infringe on currently held patents. After sufficient research was conducted, a schedule
was set to guide the progress of the further research, design, manufacture, and assembly of the
Short-Range Wave Glider project. Electrical systems, communication, and specific
manufacturing processes were also researched and formulated. A budget was then constructed
based on current designs and electrical systems.
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1 Introduction
1.1 Background
The Great Lakes hold approximately one-fifth of the worlds surface freshwater. They are
also the singular home of many animal species, both in the lakes themselves and along their
shorelines. [2] This makes them a unique and important ecosystem. However, they are under
many different threats, such as pollution, invasive species, and climate change. Pollution can
come from runoff, mining operations, and from toxicants that are released into the water.
Unfortunately, a minimal amount of water leaves the lakes which causes pollution to build up
over time and become a semi-permanent part of the ecosystem. [2] Furthermore, the effects of
climate change on the Great Lakes can be devastating. Not only will climate change continue to
decrease the quality of the water within them, the changing climate will exacerbate the problem
of pollution and invasive species in the Lakes. The changing environment within them from
climate change is actually more suitable for invasive species who then make their way into the
lake. Additionally, the hotter temperatures cause the lakes to recede, causing the wetlands which
would normally act to filter pollution from entering the lakes to dry out. [2]
Research must be done throughout the Great Lakes and other large freshwater bodies to
understand and counteract the factors that threatens them. By having an autonomous or semiautonomous system gathering data from around the lake, factors such as, but not limited to, water
temperature, air temperature, and water quality could be monitored. Also, the threat posed by
invasive species could be more closely monitored and controlled. On average, a new non-native
species is found in the Great Lakes every 28 weeks. [2] By utilizing data gathered at various
points throughout them, the populations and movements of these invasive species can be
monitored and studied by researchers to control the inflow of non-native species and their overall
impact on the ecosystem. By measuring other aspects of the water quality, such as pH level,
conductivity, and oxygen level, the effects of pollution on the lakes could be studied. This
information would not only be useful from a research standpoint but could also be used by
communities surrounding the lake who may be using the lakes’ water for city or agricultural
purposes.
Long Range robots, such as the Liquid Robotics Wave Glider is not necessary for bodies
of water like the Great Lakes. The Wave Glider is designed and built to withstand extreme
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weather and temperatures, as well as be in use for months or even years at a time. Since the
freshwater bodies are much smaller and experience much less extreme conditions, using such a
robot would be a waste of resources. Unmanned Surface Vehicles themselves are not widely
used in the Great Lakes, much less a short-range application of them, which would be ideal to
help supplement research that is currently happening.
1.2 Purpose of Project
The Short-Range Wave Glider has been proposed to help solve the issues laid out above.
The purpose of this device is to complete research within large bodies of fresh water to help
study how the environment is changing over time and reacting to different environmental factors.
The Wave Glider will be a semi-autonomous surface vehicle equipped with a range of abilities.
These will include the ability to test the temperature of the water as well take samples so that
chemical composition can later be determined. It is also intended to be able to detect and sense
animal life within the lake. Some of the methods of data collection will be done without an
operator having to prompt the robot.
1.3 Previous Work Done by Others
There are currently other robots that are in use to complete research within the Great
Lakes. Those include buoys, unmanned autonomous vehicles, and other gliders. The other
gliders consist of the Slocum Glider and buoyancy gliders. These robots are intended for data
collection while completely submerged and are able to move through the water by changing their
buoyancy. The Short-Range Wave Glider is intended to be distinctly different from these as it is
meant to mimic a robot that is only used in oceanic research. Our wave glider will be designed to
modify the benefits of the long-range autonomous glider to be efficient for research within large
bodies of freshwater, like the Great Lakes.
Large amounts of research currently being done focuses on harmful algae blooms,
hypoxia, pollution, and water quality. Since there is a good amount of infrastructure surrounding
these issues already, our robot will be focused on another region of data collection that is
currently not as prominent; acoustic telemetry. This would allow researchers to be able to track
animal movement and behavior in different areas of the lakes and would be a huge asset. This a
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major reason why it was decided to add this onto our wave glider to make it more desirable while
removing other costly components that are not as necessary for researching animal behavior.
1.3.1 Existing Products
Wave Glider
The Wave Glider by Liquid Robotics is the Unmanned Surface Vehicle (USV) that our
Short-Range Wave Glider is based off. The Wave Glider by Liquid Robotics is designed for long
range, autonomous oceanic expeditions. The USV supports data collection such as: ambient
atmospheric conditions, wave height and direction, conductivity, temperature, pressure, dissolved
oxygen, ocean currents, and acoustic telemetry. It is primarily powered through two main
mechanisms: solar power and wave power. Additionally, the glider is self-propelled using the
natural currents of the ocean and, while it does have thrusters, does not require thrusters for forward
motion. The Wave Glider is an extremely prevalent robot is research and data collection in the
oceans, and is widely used by various organizations and companies. [3]

Figure 1 and Figure 2: Shown above is an example of a typical wave glider system (Figure 1) and the key
specifications of these types of gliders (Figure 12).
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Buoyancy Gliders
There are several different buoyancy gliders currently in use in the Great Lakes. One such glider
is the Slocum Glider. Produced by Teledyne Marine, the Slocum Glider comes with many
different sensor options. These options include: Acoustic Doppler Current Profiler (ADCP),
Acoustic Modem, Acoustic Mammal Detection, Beam Attenuation Meter, CTD Pumped or
Unpumped, Echosounder, Fish Tag Detection, Hydrophones, Nitrate, Optical Backscatter
Options, Optical Attenuation Options, Optical Fluorometry Options, Oxygen Options, PAR,
Radiometer, Spectrophotometer for Harmful Algal Blooms (e.g., Red Tide), Turbulence, as well
as custom solutions. These gliders rely primarily on battery power to change the buoyancy of the
craft which then allows gravity to pull the glider down and the fins to change the direction of the
pull. [4]

Figure 3 and Figure 4: Shown above is an
example of a slocum glider (Figure 3) and the
typical specifications associated with this type of
glider (Figure 4).
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Autonomous Underwater Vehicles
Autonomous Underwater vehicles are widely used for research and data collection.[1]
The AUV’s are torpedo shaped and carry a combination of sensors and modems for data
collection. The modems receive data packets from sensors that are placed in the lake for long
periods of time. When the AUV passes by, the modems send the data acoustically through the
water. Additionally, the AUVs have sensors placed directly on the robot which are connected to
a computer that can process and send data onto shore for the operators to collect and study. The
Tethys Long-Range AUV was designed by the Monterey Bay Aquarium Research Institute. This
AUV is used in a variety of different places, including the Great Lakes. It is used to track and
detect harmful algae blooms. The AUV can hold and Environmental Sample Processer, which
collects samples of the algae blooms to study more closely. It can also connect to aircraft which
allows researchers to create three-dimensional views of algae blooms. [5]

Figure 5:Shown above is a general example of an autonomous underwater research vehicle.

1.3.2 Patent Search Results
There are many different patents pertaining to the general wave glider system. These
include patents surrounding specific wave glider designs, as well as patents for just the umbilical
and sub, or swimmer. While many of the wave glider include protections for components that the
design team’s glider will include, such as a float, tether, and sub, the main crux of most of these
patents is the method of propulsion used to move each of the glider designs through the water.
Currently existing patent designs, including those for the Liquid Robotics Wave Glider
mentioned above, specify that the sub defined in their patent creates forward motion by using
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wave-bearing water and fins attached to the sub. Depending on the motion of the waves within
the water, the wings adjust to create both forward motion and electrical power for the glider. This
specific style of sub is what is mentioned in the patents researched. Because the design our team
plans to use is propelled using a buoyancy system rather than a wave system, out design should
not breach any of the researched patents.
Not all wave gliders use Liquid Robotics’ patented wave propulsion system. Many other
wave gliders use a buoyancy engine to dynamically change the buoyancy of the system. Three
main buoyancy engines exist though not all are useful for wave gliders. The first, and least
useful for our project, uses a combination of internal and external bladders and a rudimentary
pump system. Depending on the desired depth of the object, the bladders will fill or empty
accordingly. This system is rather energy inefficient, requires large bladders, and is poorly
suited for large depths since it requires a bladder to hold one liter of water for a displacement of
one liter. Typically, the bladder form of a buoyancy engine is used for buoys rather than gliders.
An alternative form is referred to as a thermal buoyancy engine. The thermal buoyancy engine
uses a clathrate with a freezing temperature near the temperature of the water. The clathrate is
kept between two sea water bladders. As the glider dives, the clathrate freezes and expands
forcing sea water out of the neighboring bladder ballasts which makes the glider more positively
buoyant. Once the clathrate reaches a critical point it will begin to ascend rather than descend
and the clathrate will begin to melt and expand allowing water to fill the two bladder ballasts and
making the glider more negatively buoyant. This cycle allows the AUV to move up and down in
the water without expending any of its stored energy and is one of the reasons that Slocum-style
gliders are so power efficient. However, this style of buoyancy engine is not feasible for our
wave glider since the clathrate is designed to freeze at around 6 to 10 degree Celsius which
usually occurs at depths of around 1000 meters, not the maximum depth of 8 meters of our
tether. The third, and most likely candidate for our glider, is an internal pump system located at
the bow of the glider. This complex system of pumps and pistons has two different fluids: an
incompressible fluid and a compressible working fluid. The piston mechanism draws water into
the craft or forces it out of the craft to maintain a desired level of buoyancy. The buoyancy
apparatus is located at the bow of the glider rather than the aft is that the changes in buoyancy
change the angle of the bow, tilting the bow upwards when positively buoyant and downwards
when negatively buoyant. Moving the buoyancy engine elsewhere would change the angle of
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the glider and would make it less efficient or not work for forward motion at all. This complex
pump-piston system may be the most efficient and most suitable choice for this design though its
complex nature may prevent its inclusion. If this were to occur, the bladder form would be the
next most likely choice. Due to the short range, surface nature of our wave glider, the amount of
displaced liquid for our proposed glider is comparatively low in relation to the amount of
displacement required for long-range, deep dive slocum gliders which makes it a more feasible
choice provided that only internal bladders are used.
1.4 Brief Overview of the Report
The rest of this report will focus on the technical aspect of this robot. It will detail
multiple design options that were created and then analyzed. The option that was deemed to be
the optimal design was further delved into and explained further. Each component was then
broken down and analyzed to illustrate how it would fit into the system as a whole. This is
intended to help create clear idea of how the robot will be built successfully. Furthermore, the
ethical concerns and safety issues were taken into account and considered for the Short Range
Wave Glider. The budget and timeline for this is also considered, taking into account each
members tasks that are required to help complete the Wave Glider. Overall, this report creates an
in depth look at how this project is going to be built and how it will be impact the many different
aspects of society.
2 Project Design
This section holds all the designs that were considered for the Short Range Wave Glider.
Three alternative designs are first considered and analyzed. Each shows its own promise and the
benefits and drawbacks are weighed to help choose the optimal design. The optimal design is the
broken down into great detail, going through each individual component of the mechanical and
electrical systems. Each component is analyzed and shown how it will fit into the system as a
whole.
Overview of Designs
While there are several different mechanical and electrical configurations that the team’s
Short-Range Wave Glider could take on, the general form of the glider will remain largely the
same for each alternative design. Each design of the wave slider will be made up of a float, a
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semi-rigid umbilical, and a submersible. However, the alternative designs detailed below explain
the different propulsion methods currently being explored for use on the glider.
Below is the current model created by the team to represent our Short-Range Wave
Glider. This model shows the current float design, which is hollow to allow for storage of
electrical components necessary for the function of the glider. The umbilical is also shown
attaching the float to the submersible. Any electrical components within the float that need to
communicate with sensors in the submersible will have wires that pass through the umbilical.
The submersible will likely be fabricated from PVC pipe, which is why it is modeled the way
that it is. The three alternative designs researched all revolve around altering this submersible to
accommodate different propulsion systems. The three propulsion methods studied include wavepowered propulsion, buoyancy-powered propulsion, and simple thruster propulsion.

Figure 6: Preliminary Short-Range Wave Glider design.

As for the electrical system, the basic components of the system stay the same for each
alternative design. Each design holds a computer, microprocessor, IMU’s, thrusters, GPS, sonar,
hydrophones, and leak sensors. This is because each of these elements have been determined to
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be vital to the success of the robot. Each of those components are needed to make the robot move
and collect data in the most fundamental sense. However, the factors that will change are how
the data is collected and the communication protocols each glider will utilize to transfer data.

Design #1:
The first proposed propulsion system for our Short-Range Wave Glider would be a
buoyancy powered submersible. This system would include a diaphragm, or bladder, within the
submersible and a pump that would be responsible for filling and draining the bladder. A simple
example of how this system would work is shown in the figure below. As the graphic shows, the
pump pushes air out of the bladder, making the submersible positively buoyant and causing it to
rise to the surface of the water. Then when the pump fills the diaphragm with water, the sub will
become negatively buoyant and sink. By securing the bladder within the submersible slightly off
center towards the nose cone, the change in buoyancy would cause the sub to tilt upward or
downward depending on its buoyancy. By coupling this tilt with specially angled fins attached to
the sides of the submersible, the changes in buoyancy caused by the bladder would also result in
forward motion of the sub. All these things combined would cause the submersible to move
along an approximately sinusoidal path through the water. By having the float attached to the
submersible via the tether, the float would be towed along as the buoyancy engine propelled the
glider.

Figure 7: Example of buoyancy diaphragm propulsion system. [9]
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Electrical Block Diagram #1

The first electrical block diagram showcases the CTD sensor being used, as well as
Bluetooth as the chosen form of communication. The CTD sensor is an all-encompassing sensor,
having the ability to collect measurements such as temperature, salinity, depth, conductivity,
dissolved oxygen, pH and much more. The CTD is ideal to use on this robot as it can take all
desired measurements inside of the one instrument. This help condense the spaced used within
the Wave Glider and can allow for more equipment onboard. The CTD sensor data will be
processed by the computer and sent onshore via Bluetooth.
The CTD sensor is the defining factor for this version of the electrical system. While it is
the best sensor to keep the Wave Glide as efficient as possible in all aspects, it is also the most
expensive. The cost of the sensor is not feasible for the scope of the project at this time.
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Additionally, while Bluetooth is a reliable method for data transfer, the range required to begin
the transmission is too small to make it a viable option for this robot.

Design #2:
The second Short-Range Wave Glider propulsion system being considered is a wave
powered submersible. This is an extremely popular design among oceanic glider systems
because of how power efficient this propulsion configuration is. The extremely low battery
power required to propel the glider allows for oceanic wave gliders to travel autonomously,
gathering data for months at a time.
This system works because of an array of large fins located on the submersible of the
glider. These fins passively change angle depending on the flow of the wave that the glider is
currently passing through. As these fins change angle, they naturally work with the current of the
wave to propel the glider forward. Some gliders even have built in generators to convert surplus
wave power into electrical power to use within the electrical system.

Figure 8 and Figure 9: Figure 8 shows a wave glider design which uses the wave-powered propulsion
system. The submersible of this glider includes large wings. [10] Figure 9 shows how the submersible’s
wings change direction with the movement of the waves to create forward motion. [11]
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Electrical Block Diagram #2

This electrical block diagram showcases separate environmental sensors as well as Wi-Fi
as the primary the communication method. Having separate environmental sensors is more cost
effective and allows for a modular design. This will help allow for a more customizable
experience while using the Wave Glider. The environmental sensor data will be processed by the
computer and then transferred via Wi-Fi. Wi-Fi allows for a large amount of data to be
transferred quickly over a long range. This is ideal for the Wave Glider as it can move towards a
hotspot to transfer data, but the glider is also not required to get too close. This allows for the bot
to continue its objective while still sending the operators the data they need.
This design is the most cost efficient and feasible. It balances the need for environmental
sensors onboard as well as a fast and reliable data transfer method.
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Design #3:
The third propulsion option being considered for the Short-Range Wave Glider is a
propeller powered sub. The configuration would have the largest power consumption of any of
the options but would also probably be the easiest propulsion system to implement. It would also
allow the user the greatest amount of control over the speed and direction of the glider. While the
other two mechanical designs would have a rudder to control the direction of the glider, a
thruster system could allow the largest amount of user control over the maneuvering of the
glider.
The biggest decision to be made if this configuration were chosen would be what kind of
thruster configuration should be implemented. To keep battery consumption as low as possible, a
single thruster at the back of the submersible used in tandem with a rudder would be the most
energy efficient option. However, in order to have the greatest amount of control over the motion
of the glider, a thruster array could also be attached to the submersible.

Electrical Block Diagram #3
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This design’s main differentiation is the acoustic modem. The communication method is
still Wi-Fi, as that is the most feasible and reliable way to transfer data. The acoustic modem will
be used to pick up data that is being routed from underwater sensors. Stationary environmental
sensors are placed on the floor of the different bodies of water. As the Wave Glider passes over
these stationary sensor networks, the modems transmit their data to the acoustic modem onboard
the bot. This will then allow the robot to process the data and transfer it onshore to the operators.
In this design, there are no sensors onboard the Wave Glider. Its only purpose is to navigate to
the underwater sensor networks to collect data acoustically.
This design is efficient in the sense that the only data that is being processed is data that
was not taken onboard. This simplifies the glider’s overall computing needs. The Wave Glider’s
main functions would be for data transfer. However, acoustic modems are expensive and can
create a difficult communication method for underwater data transfer. This design is ideal for
creating the most power efficient robot that could stay out on missions for long durations.
2.1 Optimal Design
2.1.1 Objective
The Short-Range Wave Glider is going to be customizable and adaptable to different
situations. The intention is that this robot will have the capability to be used in many different
environments, such as shallow water vs. deep water. The operators will be able to utilize
different data collection techniques to suit what they are trying to measure at a given time. This
can be completed by creating a modular design. The Short-Range Wave Glider will have
different types of sensor mounts built in, which will give the operators a wider range of data
collection options. Other capabilities will include an acoustical system to help determine what
animals are active in different parts of the lakes. Acoustical systems will track animal behavior
and movements throughout the Great Lakes. In addition to the acoustical system, the Wave
Glider will be equipped with a host of other sensors intended to monitor water quality. Such
sensors will monitor the temperature, salinity, conductivity, depth, dissolved oxygen, turbidity,
and pH of the water at different points in the lake. The Wave Glider will also be equipped with a
navigational system. This will include beacons so that the robot can alert other entities on the
water of its whereabouts to avoid collisions. Furthermore, it will have a GPS-like system on
board to help it find its way throughout the lake to the correct places to collect data. Other such
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sensors, like Inertial Measurement Units, will be built into the robot to aide in its navigational
system.
All sensors and systems on board the Short-Range Wave Glider are there to help achieve
its goal of becoming an all-encompassing, customizable, and compact data collection robot for
the Great Lakes. Each part will help this surface vehicle create a complete picture of the
condition of them. This wave glider will play a role in better understanding the Great Lakes and
how to help protect them from the dangers they face today and in the future.
2.1.2 Subunits
2.2 Subunits
Overall Electrical Design

This is the optimal design chosen for the electrical system. This important, defining
factors in this is the sensors and the communication protocols. Two separate environmental
sensors were chosen, the pressure and the temperature sensors. This is due to several factors. One
major one is cost. It will be most cost efficient for us to use these sensors instead of buying one
instrument to collect all measurements. Furthermore, this design will allow us to take into
account a more modular set up. The goal is to be able to design this system both electrically and
mechanically so that different sensors can be replaced with the ones laid out above to create a
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more customizable experience. Furthermore, the communication protocol that was chosen was
Zigbee using Xbees. Zigbee is the most optimal as it allows for our bot to connect with modems
placed around the lakes to transfer large amounts of data in short period of time. Using Xbees is
the most practical method of transferring data within the quickest time frame. This is imperative
to the Wave Glider as being able to transfer data without stopping at the modems for long
periods of time will allow it to continue with its mission more efficiently.
2.2.1 Computer
The computer of the electrical system is going to the be most powerful component. It will
be responsible for the navigational system, processing sensor data, transferring data when in
range, and periodically alerting other vessels in the area of the Wave Gliders presence. The
computer chosen for this bot was the NVIDIA Jetson Nano. This is due to the fact that the Nano
requires low voltage and power consumption while also having the ability to process several
neural networks simultaneously. Since the computer is going to have several processes all
happening at the same time, this was the defining feature that made the Nano a clear choice. It is
the most cost-effective option that has the ability to handle what is needed. Furthermore, the
Nano has the ability to be coded in several different languages, including python. This allows for
some flexibility in how the Wave Glider will be controlled.
The end goal for the Wave Glider is to have a working prototype that as the ability to
collect data and transfer it. However, it is also desirable to design the prototype so it can have
more capabilities in the future. One such capability is autonomy. The NVIDIA Jetson Nano
creates the perfect platform create this.
The computer will be at the heart of the electrical system. Each component will be
connected to the computer in the proper way. Each component will be wired and tested with the
computer separately before assembling the entire system. This help ensure that the computer has
been coded correctly as well as has the ability to work with each component as needed.
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Figure 10: Pinout and Schematic of the NVIDIA Jetson Nano [13]

2.2.2 Microprocessor
The microprocessor is going to the directly attached to the computer, and aid in the
processing and controlling of the rest of the components. The microprocessor will control the
thrusters and house the Inertial Measurement Unit (IMU). It will communicate with the computer
to supply the correct power to each of those components. In addition to that, it will do the
beginning analog to digital conversion needed for the data coming from the hydrophone. Not
only that, but the microprocessor will also process some of the data coming from the IMU. . The
Arduino Mega was chosen for several reasons. The Arduino Mega is open source, and so a lot of
information and support is online already. This is useful for now and the future, as it will be
easier to change the programming when support for the product is already well established.
Furthermore, the Mega has the ability to support everything that is expected of it. The thrusters
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will be attached to electronic speed controllers, which are adapted to fit on the Mega. The IMU is
also well adapted to work with the Arduino Mega.
As shown in the block diagram, the Mega will connected directly to the computer. It will
be powered off of the computer, and can power some of the lower level sensors, such as the
IMU. The Mega will be coded within the Arduino IDE, which is similar to C++. The Arduino
will be tested with the thrusters and the IMU separately, and then added to the computer. This
will be to ensure that it is working correctly and can collect the data needed before transferring I
over to the computer.

Figure 11:Pinout of the Arduino Mega [14]

2.2.3 GPS
The GPS on this electrical system will be a module connected to the computer. The GPS
will have the ability to connect to satellites. This is useful as satellites are the most efficient way
to map out the Great lakes. GPS is integral part of the Wave Glider. It will be the main part of
the navigational system. In order for the robot to complete missions successfully, it needs to be
able to navigate the lakes on its own. The module chosen is the Adafruit Ultimate GPS, which is
centered around the MTK3339 chip. This is a high quality chip that provides high speed and
sensitivity for data logging and tracking. It has also been placed on a Printed Circuit Board
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(PCB) by Adafruit, which makes the whole module much easier to install. This GPS module has
been designed with ease of use by the customer in mind.
As stated previously, the GPS module will be connected directly to the computer. This is
so the computer can control and process all the information going to the GPS. The GPS and the
computer will have to be tested together to ensure that the data is correctly being processed by
both entities. Furthermore, the GPS will have to be able to connect and navigate within short
distance as per our instruction. By practicing on a small scale, it will be easier to ensure that it
will work in the setting its intended to, out on the Great Lakes.

Figure 12:Schematic of the GPS Module [15]

2.2.4 Sonar
Sonar is going to be used within the navigational system. Its main purpose will to be alert
other nearby vessels in the waters of its presence. Furthermore, the sonar can be used to help
map the surrounding area of the robot to aid in obstacle avoidance. The model chosen for this is
the Blue Robotics Ping Sonar Altimeter and Echosounder. This sonar module has the ability to
used as an altimeter, obstacle avoidance, as well as take underwater depth measurements. This
makes it so it is extremely versatile and can be used for man different purposes.
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As shown in the picture, the sonar will be connected to the microprocessor and the
computer. The microprocessor will give the input needed for the sonar to send out pings to alert
nearby vessels as well as mapping the area. The computer will take that data and process it to
help make decisions. The sonar will be tested with the microprocessor first to ensure that it is
receiving and executing commands as expected.

Figure 13:Wiring example of the Sonar [16]

2.2.5 Xbee Communication
One of the main aspects of the Wave Glider is its ability to transfer data wirelessly while
it is on its mission. Xbees using Zigbee protocol was chosen for this task as it can transfer data
quickly and reliably over a short period of time. Using Xbees, the robot can come into range of a
modem, begin the transfer, and then move out of range to continue its mission. This is essential
to creating an efficient method of data collection. Zigbee was chosen to be used as the
communication protocol as it was very efficient for sensor networks such as the one the wave
glider will be utilizing.
The Short Range Wave Glider will have an XBee 3 Pro Module - U.FL Antenna
equipped on board and connected to the microprocessor. The microprocessor will then
communicate with the computer to take the data that is being stored and put into packets. These
packets are then going to be transferred when the wave glider comes in range of a stationary
modem. This modem will also be equipped with another Xbee of the same model. When the
wave glider comes into the range of the stationary modem, it will begin the transfer of the data.
The Xbee model that was chosen for this is due to their range of three miles along with their
ability to work well indoors and outdoors.
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Figure 14: Schematics of the Temperature Sensor [23]

2.2.6 Temperature Sensor
The temperature sensor is one of the environmental sensors chosen for the optimal design.
The purpose of this sensor is to take the temperature of the water in different parts around the lake.
The sensor will be connected to the computer, which will process and store the data of that is being
collected. The temperature sensor was chosen as those readings can be taken over time and
compared to help determine the condition of the environment. It is just one of the pieces that will
help create a big picture of the heath of the Great Lakes at any given time.
The sensor chosen for this is the Blue Robotics Celsius Fast-Response +/- .1°C
Temperature Sensor. This sensor was chosen because of the quality and accuracy of the product.
It will give reliable data over long periods of time, which is crucial to our Wave Glider. As the
temperature sensor is connected to the computer, a few low level tests will be done to ensure the
sensor is working properly and to the accuracy needed. It has the ability to be programmed in
several different languages, including python.
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Figure 15: Schematics of the Temperature Sensor [17]

2.2.7 Pressure Sensor
The pressure sensor is the second environmental sensor that will be placed on this robot.
The pressure sensor has the ability to read the pressure of the water at any given time. This will
help determine the depth, which will help ensure the reliability of the sonar that is also reading
depth. Furthermore, the data collected from the temperature sensor will be able to be correlated
to the pressure, helping to indicate the temperature at different depths of the lake. This will
continue to help determine the health and condition of the Great Lakes.
The sensor chosen is the Blue Robotics Bar30 High Resolution 300m Depth/Pressure
Sensor. This is again due to the quality and the reliability of the sensor. It will give accurate
readings over time, which is crucial to the Wave Glider. Since it will be out on missions for long
periods of time, reliability is a key factor is choosing all components. The pressure sensor will be
connected to the computer, so that all data it collected can be processed and stored directly to be
ready for transmission. Small tests will be done at different depths to ensure that the sensor is
working correctly. After such is determined, it will be integrated into the electrical system as a
whole.
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Figure 16: Schematics of the Pressure Sensor [18]

2.2.8 Leak Sensor
The Leak Sensor is separate from the other environmental sensors as it is considered with
the health of the bot itself. The only purpose of the leak sensor is to ensure that the inside of the
Wave Glider stays dry and the electrical components are safe. If a leak is detected, then the
sensor will alert the computer, which will then take the appropriate action. This is imperative to
the bot as it will be submerged in water during use. In order to protect the electrical components,
the leak sensor will be used to detect a leak as early as possible.
The sensor chosen is the BlueRobotics SOS Leak Sensor. This sensor has been
specifically designed for this purpose and was created to do so reliably. The Leak sensor will be
connected to the microprocessor. Test will be done by flooding the sensor at varying levels to
ensure it is working as needed, and then it will be added into the system as a whole.
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Figure 17: Schematic of the Leak Sensor [19]

2.2.9 Thrusters
Thrusters will be attached to the float of the Wave Glider. Their main purpose will be to
help with the movement of the robot. Since this design is not wave powered, an internal source is
needed to propel the robot forward. The thrusters will be attached to the outside of the wave
glider, however the connection will run inside to the microprocessor. The microprocessor will
then be the main control for the thrusters.
The thrusters chosen are the Blue Robotics T200 Thruster. These also include an
electronic speed controller (ESC). The ESCs allow the thrusters to act like motors on
quadcopters. This greatly simplifies the programming of them. This thrusters were chosen due to
their quality and reliability of the product. As shown in the diagram below, the thrusters will be
directly connected to the ESC, and the ESC will then be attached to the microprocessor. Each
thruster will be tested individually to ensure they are working as needed. However, since
different amounts of thrust is possible, they will also be tested to determine how much thrust
needs to be given at any time.
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Figure 18: Wiring Diagram of the Thrusters [20]

2.2.10 IMU
The Inertial Measurement Unit (IMU) is needed for the navigational system. As shown in
the diagram below, the IMU houses a magnetometer, accelerometer, and gyroscope. It can used
to determine the speed, orientation, and location of the robot. This is necessary to help confirm
that the readings of the other components are accurate. Furthermore, it will help the robot make
decisions such as how much power to give its thrusters, where to go to help complete its mission,
and if the robot is the right orientation in the water. The component will be extremely useful in
determining the well-being of the robot
The IMU selected is the BNO055. The BNO055 offers all three spheres of detection,
while not all IMU’s do. Furthermore, it is widely used and has been proven to be reliable over
long periods of time. Since the Wave Glider could be on missions for up to at least a week at a
time, long term use was a major factor. The IMU will be the most comprehensive component to
test. Since it is able to take measurements on three different axis, it will be required to test each
of its capabilities separately. Once each part is giving the correct values, they will be integrated
together in the code of the robot. It will all then be tested on the robot again to ensure that the
measurements are accounting for the size and weight of the Wave Glider. The IMU will be
attached directly to the microprocessor. The microprocessor will then take the data the IMU is
giving and send it to the computer.
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Figure 19: Block Diagram of the IMU [21]

2.2.11 Hydrophone
The hydrophone’s purpose on this robot is to record the movement and behavior of
different organisms in the lakes. The hydrophone will be in a tow behind the sub on the robot.
This is be so it can record organisms at different depths underneath the water. Adding acoustic
telemetry into our robot is the defining feature, as most robots in use either don’t have it or it
must be retrofitted. The hydrophone will be connected to the microprocessor to complete an
analog to digital conversion of the signals that have been picked up. The processed data will then
be sent and stored in the computer to be prepared for data transmission when necessary.
The hydrophone chosen is Aquarian Hydrophones AS-1. This hydrophone was chosen
due to its ability to pick up signals from all sides with have high sensitivity. It is omnidirectional
in multiple axes, which allows for the maximum number of signals to be picked up. The
hydrophone will also have to be tested extensively. Ensuring that the hydrophone can pick
signals which are then translated will be the most comprehensive part.
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Figure 20: Mechanical Drawing of the Hydrophone [22]

2.2.13 Batteries
The batteries that are going to be used for the Wave Glider are lithium polymer. This was
for several reasons. Lithium polymer batteries have the ability to power devices at higher
voltages. By using two different battery packs and allocating the components in the wave glider
to one of those, it will help ease the burden of continues power and allow the robot to run for
longer amounts of time. Also, lithium polymer can be discharged and recharged many, making it
so they can last for longer. Overall, these batteries can provide reliable power to all of the
components for the longer durations that the wave glider will be out on missions.
2.2.14 Overall Mechanical Design
Because of the nature and purpose of a wave glider system, the mechanical design that
will be employed for this project will include a float, tether, and submersible, as can be seen in
the image on the right. The float will be responsible for any surface side sensors. The computer
and at least one of the microprocessors will also be housed in this part of the glider to allow the
user easy access to these vital components. The tether will be used to run wires between the dry
boxes within the float and submersible. The computer will have to be connected to the sensors in
the submersible, so these wires will be run through the semi-rigid tether. Within the submersible
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itself, there will be several different components responsible for not only taking data, but for
propelling the entire glider forward. A dry box to hold electronics will be kept inside the sub,
alongside a water bladder responsible for changing the angle of the submersible. The bladder
will be located slightly off center towards the front of the submersible so that, when it is filled,
the sub will be angled downward. Then, when the bladder is empty, the sub will angle upward.
The upward and downward tilt, accompanied be thrusters and fins attached to the outside of the
sub, will allow the sub to propel through the water in approximately a sinusoidal shape. Finally,
a rudder will also be attached to the sub to allow for directional control of the glider. The moving
submersible will then tow the float behind it via the semi-rigid tether.

Figure 21 and Figure 22: Initial CAD model of overall Short-Range Wave Glider (Figure 21) and
mechanical block diagram (Figure 22)

2.2.15 Float
One of the main elements of the Short-Range Wave Glider system is the float, which acts
as the surface side component of the glider. The float will be bigger and much easier to access
than the submersible, so most of the major electrical components, including the computer,
microprocessor, and batteries, will be housed in the float. The current design for this system
consists of a corrugated plastic boat reinforced with plywood and 2”x1” wooden pieces. [12] In
order to waterproof this design, we will be using caulk and heavy-duty tape. The total weight of
this design is 15 lbs, making it extremely lightweight and ideal for the application of our glider.
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It will also only cost $60.00 to fully construct, making it a great cost-efficient option.[12] This
design also has a load bearing capacity of 220 lbs, so it should be more than able to hold all the
necessary electrical components that the Short-Range Wave Glider will need to operate. [12]

Figure 23 and Figure 24: Example of fully constructed float (Figure 22) and CAD rendering of initial
float design (Figure 23)

In order to test this design before the final construction of the prototype, the team plans to
construct a scale model of this design in order to waterproof test and load test the design. We
will also use this model to test making a waterproof connection between the float and the tether.

2.2.16 Tether
Connecting the two main structural components of the wave glider system is a semi-rigid
tether. This tether will act not only to connect the float of the glider to the submersible, but it will
also serve as a means of passing wires from the float to the sub. The sensors being housed in the
submersible will need to get power and be able to pass data back to the float. We will have this
capability thanks to the wires running through the tether. Finally, the tether will act as a tow rope
connecting the float to the sub. The only component on the glider that will be directly propelled
forward is the submersible, so by attaching the float to this sub via the tether, the entire glider
will be able to move through the water.
2.2.17 Submersible
The other major structural component of the Short-Range Wave Glider will be the
submersible. This object will be responsible for taking data on the water quality at greater depths
than the float. Therefore, most of the electrical components contained on this glider element will
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be sensors, such as the hydrophone, pressure, and temperature sensors, as well as the thrusters
which will propel the entire glider forward.
As far as the internal structure of the submersible is concerned, a dry box will be fixed
inside of the sub to ensure that if any water were to get inside, the electrical components would
not be damaged. Located inside the submersible would also be a water bladder and pump system.
This system, coupled with the thrusters which will be mounted to the back of the sub, will allow
the sub to travel in a sinusoidal path through the water. By filling the water bladder, the front of
the submersible will angle downward, causing it to travel deeper into the water while also
continuing its forward motion. Then, the water can be pumped out of the bladder, causing the
sub to angle upwards. By using this system, the submersible will be able to collect water data at a
variety of depths.
The different fins and accessories that can be seen on the outside of the submersible
mainly serve to make the design more hydrodynamic. This means that less energy will be needed
to propel the submersible through the water, thus conserving battery power for other more
necessary processes. Among the hydrodynamic additions are the nose cone, which will allow the
submersible to better slice through the water, and the large horizontal fins on the back of the
glider. These fins, while making the overall design slightly more hydrodynamic, mainly act to
stabilize the submersible as it glides through the water. These will prevent the submersible from
rolling or spinning in any odd ways that may cause the sub to become tangled in the tether or
may cause damage to the sensors inside. Finally, the third wing included in the model of the
submersible is meant to represent the rudder which will control the direction that the sub travels
in. This rudder will be the entire gliders main source of directional control, making it a vital
component of the design.
This design will also be extremely easy to create a scale model of in order to experiment
different waterproofing techniques. Also, because the submersible will be made of PVC pipe, it
is already suitable for being watertight. There are also many commercial product readily
available for constructing a watertight PVC container.

36

Figure 25: Initial CAD rendering of submersible with endcaps and rudders.

2.2.18 Rudder
The rudder system is the only method of orientation and trajectory control for the wave
glider. Alternative designs had two rudder systems, one for controlling the pitch and another for
controlling yaw. The yaw pitch rudders would have extended along the longitudinal axis of the
craft but due to the high estimated amount of power required to actuate these rudders, the pitch
rudders were abandoned. A yaw rudder is still necessary to control the glider’s trajectory. It was
not necessary to consider the roll of the craft because of its weighted nature. The combination of
the weight along the bottom of the submersible and the load-bearing tether between the
submersible and the float, the roll of the submersible should remain relatively constant.
There are two main methods of controlling a submersible’s yaw: the first is to change the
direction of the thrust by physically moving the engine so it points in a direction that is not
necessarily parallel to the central axis of the submersible and the second method is the add a
system of fins that are typically mounted directly behind the source of the craft’s thrust. Most
thrusters that are completely submerged use the latter form of yaw control. While slightly
increasing the complexity of the entire system, this allows for a fine control over the orientation
of the submersible as it travels through the water and allows it to make fine-tuned adjustments
when necessary. Using the fin method allows for a much tighter turn radius which should
increase the likelihood the submersible avoids obstacles in the water even ones that are moving
particularly quickly.
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Most watercraft are not completely submerged and do not need to have constant control
over their pitch. A notable exclusion is the SV3 by Liquid Robotics which uses the pitch rudders
to capture energy from subsurface waves to improve the efficiency of the glider. The short range
wave glider is not intended to be operating in locations with powerful subsurface waves and the
energy expenditure from maneuvering the pitch rudders outweighs the potential benefit of wave
propelled motion. The pitch rudders could have been used in obstacle avoidance but the amount
of energy required to change the vertical position of the craft would have been large. Given the
range of the echosounder, it was deemed that this energy expenditure would not have been
necessary as the 30 meter obstacle detection gives the yaw rudders enough space to complete a
turn to avoid a collision.
2.3 Prototype
2.3.1 CAD Design
Because of the limited manufacturing time the team had to execute the desired designs,
while some of the components for the full system were physically manufactured, many of the
final designs were added and finalized in a virtual build. While the circumstances barred the
group from being able to fully manufacture and assemble all components, each individual system
has been tested to ensure that, if given the opportunity to finish the physical build, the final
Glider would be able to successful complete all the tasks expected of it.
The finalized CAD model, shown below, can be separated into three distinct portions: the
float, the tether or umbilical, and the submersible. The sensors and electronics necessary for
powering the system and gathering data are kept in the submersible and float. The umbilical not
only connects the float to the sub, but also allows wires to pass between the two structures,
ensuring that power in the float can flow down to the sub, and that information gathered in the
sub can be sent back to the float to be stored and send to shore.
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Figure 26: Finalized CAD model of full Short Range Wave Glider.

2.3.1.1 Float
In the Short Range Wave Glider system, the float will, appropriately, float on the surface
of the water as the Glider moves through the lake. The float will be completely covered to
protect the sensitive electrical components housed inside. The cover will be on hinges but will
also be rigidly attached to the wood pieces that outline the opening of the main float
compartment, as can be seen in the figure below. There will also be a gasket between the cover
and these wooden pieces, so that when the cover is attached to the wood pieces, the gasket is
compressed, making a water tight seal around the perimeter of the float. Two access hatches are
cut into the cover, as can be seen in the figure above, to ensure that operators can access the
components within to perform maintenance or repairs. These hatches can similarly be rigidly
sealed to the wooden pieces underneath them. These wooden pieces can be seen in the figure
below. A gasket will also be used in the closure for the hatches to ensure that everything is as
watertight as possible.
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Figure 27: Internal view of float.

Although, as previously stated, the amount of time that manufacturing was possible was
quite limited, the team was still able to construct the base element of the float, shown below.
While, unfortunately, there was not time to construct the cover for the float, the structural
stability and slight flexibility of this initial prototype allows the group to conclude that the design
of the float was viable, and that the construction planned for the float would have resulted in a
successful component of the overall Wave Glider system.

Figure 28: Full scale assembled prototype of float.
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The float is used to house many important electrical components necessary for the
successful function of the Glider. These include the battery pack, the system’s main computer,
and an Xbee, the device responsible for sending sensor data back to the operator onshore. The
figure below shows how the various electrical components were arranged within the float. The
specific purpose for each of the components is further explained in the electrical and computer
science sections further below.

Figure 29: Layout of electrical components inside float.

Among these electrical components, it was necessary to create some kind of housing for
the battery array that would be used to power the system. The batteries chosen are lithium
polymer batteries, which can become volatile and explosive if they become damaged, making it
extremely important that these batteries be housed in a way that did not constrict them, but
helped the batteries in place. For these reasons, a battery holder was designed, and a prototype,
shown below, was fabricated.
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Figure 30: Wooden prototype of battery holder.

While this proof of concept design was fabricated from 3/8” wood pieces, the final
component would likely be made from a thinner aluminum material and spot welded together.
The openings in this holder are sized so that the batteries fit well, but are not too snug. If the
batteries fit too tightly into the openings, this could cause damage to the batteries, which could
be dangerous. Also, the final design would include slots near the front for a large strap to go over
all hour openings. This would ensure that the batteries could not accidentally fall out of the
holder and into the open space of the float while the Glider was out on a mission.
2.3.1.2 Umbilical
The umbilical is made of a clear, semi-rigid tubing and is
about twenty feet long. A semi-rigid option was chosen so that,
even if the water got rough during a storm, the tether would keep
the float and sub attached, but would still be able to flex and bend
in the water. A picture of the particular tubing chosen for the
physical build is shown below.
As can be seen, the tubing in the picture connects the float
to the submersible. To make these connections, a water resistant,
construction grade adhesive was used. This, once cured for 24
hours, was then coated in a completely waterproof layer of liquid
cement. The combination of these two products ensures that the

Figure 31: Tubing chosen to be the
tether for full scale prototype.
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connection is strong and secure, but will be also to withstand the underwater environment for
long periods of time.
The construction grade adhesive is rated to hold a pressure of, at minimum, 305 psi in
tension. This makes this adhesive more than capable of handling any tensile loads the tether may
experience in or out of the water. However, to further ensure that
the sub and float were securely connected, two load bearing wires
were added in conjunction with the tether. These cables are clearly
labeled in the figure below. By attaching these cables around the
submersible by metal collars and the running these wires up
alongside the tether to then be attached to the float, these wires
allow the load of the submersible to be spread over three different
contacts, rather than having the full weight of the submersible held
by the tether. However, this only really become an issue outside of
the water, as will be explained in the submersible section.
Figure 32: Diagram emphasizing
load bearing cables.

2.3.1.3 Submersible
The submersible, much like the float, contains many of the electrical components that
enable the Wave Glider to function properly. The sub also houses all of the environmental
sensors in the system, allowing for data collection deep within the water. These sensors include
the hydrophone for recording aquatic bioacoustics, a pressure sensor, a temperature sensor, and a
sonar echosounder used for obstacle avoidance. The navigational system, consisting of thrusters,
rudders, and McKibben muscles, are also attached to the sub. All these components and their
placements on the submersible are clearly shown and labeled in the figure below.
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Figure 33: Diagram of external components on submersible.

All the components here are arranged in a specific configuration. First, the pressure
sensor is placed on the top of the sub, parallel to the surface of the water, so that accurate
readings can be taken while the craft is traveling. If the pressure sensor were placed by the rest of
the sensors of the back of the sub, the flow of water created by the thruster while the system was
moving could cause the pressure reading to be inaccurate. The rest of the sensors, however, are
grouped closely together so that the reading each is taking can be compared, knowing that data
was taken for the same section of the water.
As for the navigation system, the thrusters are positioned directly in front of the rudder
system to ensure that minimal energy is lost when the system turns. The rudders and the hinge
system they rely on to twist were not fabricated, but would have been machined out of
aluminum. The rudders themselves would have been cut on the waterjet, while the hines would
have been machined both on the waterjet to get the general shape, and then the mill to create the
necessary holes. The pin in the hinge would have simply been a small diameter aluminum bar
stock. Finally, the rudders would be actuated by the McKibben muscles, which are explained
further in the following section. Pumps for these McKibben muscles would be kept within the
submersible.
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The final part of the submersible is what contained on the inside. There are some
electronics housed on the inside of the sub, shown in the figure below. The importance of these
electrical elements is further explored in the electrical section below.

Figure 34: Electronics components contained in submersible.

With only a few electrical components held within the sub, there would be a lot of open
space left, creating an extremely high buoyancy force when the submersible is put in water. In
order for the Wave Glider system to function correctly, the sub needs to be neutrally buoyant or
very slightly negatively buoyant. This will ensure that the sub does not float to the surface, but is
also not so heavy that it become difficult to propel it through the water. By calculating the
volume of water displaced by the sub and estimating the total weight of the sub plus the
components housed inside, the buoyancy force for the submersible was determined. From this,
we learned that about 220 pounds of concrete would need to be laid into the bottom of the sub.
Given the density of concrete, there is plenty of room within the sub to do this. The addition of
this concrete would not cause any issues with the components housed inside the sub. Also, this
would bring the total weight of the sub up to about 260 pounds. As was described earlier,
because of the strength of the adhesive used, the tether should remain attached to the sub if the
tether were used to lift the submersible. However, because this necessary extra weight makes the
sub quite heavy and difficult to move, the group hope that future iterations will have a smaller
sub or dry box to house electronics so that the buoyancy force acting on the submersible is not so
high.
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2.3.1.3.1 McKibben Muscles
The McKibben muscles are made using a braided cable, medical-grade silicone tubing,
semi-rigid plastic tubing, and hose clamps. The silicon tubing cut to length. For the final design,
this would be long enough to reach from inside the submersible to the connection between the
muscle and the rudder. The braided cable is then cut so that it is a full eight inches longer than
the cut silicon tubing and is then slid over the silicon. One end of the muscle is then bent on top
of itself and a hose clamp is placed on the overlapping region of the muscle and tightened. The
clamp should tight enough to create an airtight seal. The small plastic tubing is then inserted into
the free end of the silicon tubing to a depth of three inches and should be long enough to connect
to the compressor without elongating the muscle. The second hose clamp is then placed over the
free end to create an airtight seal between the braided cable, the silicon tubing, and the plastic
tubing. The finished McKibben muscle should look like the image below.

Figure 35: Prototype of McKibben muscle.

When assembling the wave glider, the muscles should be slack between the submersible and the
rudders. The muscles are rigid enough to prevent movement unless actuated. As an additional
note, the longer that the muscle is, the better the turning radius but the power consumption will
increase drastically, and a stronger compressor may be necessary. Since it was not possible to
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construct the wave glider in its entirety, it is not possible to know what the optimal length of
tubing is. This will have to be experimentally determined.

2.3.2 Electrical
2.3.2.1 Wiring Diagrams

Figure 36: Wiring Diagram of entire Wave Glider

The above diagram is the wiring for the entirety of the Short Range Wave Glider. The
different colored wires are used only to help differentiate between each of the sensors and their
respective wires. In all cases, red is used to denote a connection to VCC and black is used to
denote a connection to Ground. When wires are crossed, they are not connected. Only wires of
the same color that are touching are connected together. The Arduino megas are connected to the
Jetson Nano through USB.
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2.3.2.1.1 Power
The Short Range Wave Glider is powered by two different lithium polymer battery packs.
The first is connected in parallel to give off 14.4V, and the second is connected is series to give
off 20V. The first battery pack at 14.4V will be regulated down using a battery eliminator circuit
(BEC) to 5V. The BEC is then split into two separate power distribution boards. These boards
were designed to distribute 5V to multiple components at a time, which can be seen in the wiring
diagram. Since a large amount of the components require 5V to operate, this was the most
effective way to power all of them at the same time. The components being powered through this
method can be seen in greater detail below.

Figure 37: Wiring Diagram of first battery pack

The second battery pack is connected in series to give off a voltage of 20V. This is split
to power the thrusters and go into another BEC. Since the thrusters run off of 7V – 20V, the
upper limit is needed when full thrust must be achieved. The BEC regulates the voltage down to
12V, which powers the Arduino megas. This arrangement can be seen in greater detail below.
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Figure 38: Wiring Diagram of Second Battery pack

The last component that needs to be powered in the non-inverting amplifier circuit. The
purpose of this circuit it to amplify any signal coming into the hydrophone. The operational
amplifier used within this circuit needs two 9V batteries, one with positive voltage and one with
negative voltage. Two 9V batteries will be used, separate from the lithium polymer battery
packs. This can be seen below.
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Figure 39: Wiring Diagram of Non-inverting amplifier circuit

2.3.2.1.2 Environmental Sensors
The environmental sensors are placed mainly in the submersible of the wave glider and
are connected mainly to the Arduino megas for data collection, while being connected to the
power source. The first sensor this the Leak sensor. There will be one placed in the float and one
placed in the submersible. The only function of this sensor is detect any water that has come into
the wave glider and alert the processors. As shown on the wiring diagram, the leak sensor is
connected to digital pins 2 and 3 on the Arduino through the “LEAK” pin located on the sensor.

Figure 40: Wiring Diagram of Leak Sensor
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The next environmental sensor is the temperature sensor. Because the logic pins use 3.3V
while the sensor itself needs 5V to be powered. To help with this, Blue Robotics created an I2C
board that the sensor plugs into using a grove connector. It regulates the 5V down to 3.3V and
allows that temperature sensor to communicate with the Arduino. The SDA and the SLC pins on
the I2C board connect to the SDA1 and SLC1 pins on the Arduino.

Figure 41: Wiring Diagram of Temperature Sensor

The pressure sensor wiring is almost identical to the temperature sensor. The grove
connector of the pressure sensor plugs into the I2C board. The SDA and the SLC pins on the
I2C board and connected to the SDA1 and SLC1 pins on the Arduino respectively.

Figure 42: Wiring Diagram of Pressure Sensor
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The last environmental sensor in the hydrophone to detect any aquatic bioacoustics. The
hydrophone plugs directly into the non-inverting amplifier circuit. The output of the noninverting amplifier circuit is then wired into the analog pin A0 on the Arduino.

Figure 43: Wiring Diagram of Hydrophone and Non-inverting amplifier circuit

2.3.2.1.3 Navigation and Communication System
The communication system is comprised of an xbee connected to an Arduino. Similar to
the pressure and temperature sensor, the xbee requires 3.3V for its logic pins as well power. The
xbee is placed on a shield that regulates 5V down to 3.3V. From this sheild, the DOUT pin is
wired to the Rx1 pin on the Arduino, and the DIN pin on the shield is wired to the Tx1 pin on the
Arduino.

Figure 44: Wiring Diagram of Xbee
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The first part of the navigation system is the Inertial Measurement Unit (IMU). The SDA
pin on the IMU is wired directly to the SDA1 pin on the Arduino. Likewise, the SCL pin on the
IMU is wired to the SCL1 pin on the Arduino mega.

Figure 45: Wiring Diagram of IMU

The next part of the navigation system is the sonar/echosounder. This is wired directly the mega
as well. The Rx pin on the sonar is connected directly to pin 18 on the Arduino, and the Tx pin
on the sonar is wired to pin 19 on the Arduino.
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Figure 46: Wiring Diagram of Sonar/Echosounder

The last sensor in the navigation system in the GPS breakout board. The Rx pin on the
GPS is connected directly to pin 16 on the Arduino, and the Tx pin is wired to pin 17 on the
Arduino.

Figure 47: Wiring Diagram of GPS

The last part of the navigation system is the thrusters. The thrusters help change the
direction of the wave glider. The thrusters are powered through the Electronic Speed Controllers
(ESC). The power and ground from the ESC are connected directly to the thrusters. The signal
pin of the ESC is connected to pin 7 on the Jetson Nano, while the signal pin of the second ESC
is connected to pin 8 on the Jetson Nano.
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Figure 48: Wiring Diagram of Thrusters

2.3.2.2 Wiring Prototypes
Due to the circumstances, the full prototype was never able to be built and put together.
However, the individual circuits involving the sensors were able to be built separately and were
begun to be tested. The following shows the picture of the sensor wired into an individual circuit
that would have been eventually moved into the wave glider according to the wiring diagram.

2.3.2.2.1 Environmental Sensors
The Celsius Fast Response sensor from Blue Robotics is connected to an I2C voltage
stepper. The I2C voltage from an Arduino Mega is 5 volts but the sensor’s logic levels require
3.3 volts. The I2C voltage stepper has pinouts for GND, Vin, SDA, and SCL. The SDA and SCL
pinouts on the I2C stepper are connected to the SDA and SCL pins on the Arduino. The image
below shows the GND and Vin pins connected to the GND pins and the 5 volt out pins on the
Arduino. This was done for testing purposes as the entire build was not possible. In the final
product, the GND and Vin pins on the I2C stepper would be connected to the power distribution
board.
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Figure 49: Temperature Fast Response Sensor Circuit

The Bar30 pressure and depth sensor from Blue Robotics is connected to an I2C voltage
stepper. The I2C voltage from an Arduino Mega is 5 volts but the sensor’s logic levels require
3.3 volts. The I2C voltage stepper has pinouts for GND, Vin, SDA, and SCL. The SDA and SCL
pinouts on the I2C stepper are connected to the SDA and SCL pins on the Arduino. The image
below shows the GND and Vin pins connected to the GND pins and the 5 volt out pins on the
Arduino. This was done for testing purposes as the entire build was not possible. In the final
product, the GND and Vin pins on the I2C stepper would be connected to the power distribution
board.
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Figure 50: Bar30 Pressure Sensor Circuit

The SOS leak sensors from Blue Robotics comes with their own breakout boards. The
boards have three pinouts for GND, Vin, and LEAK. In the image below, the GND and Vin
pinouts on the SOS leak breakout board are connected to the GND and 5 Volt out pins on the
Arduino Mega. This was done for testing purposes and in the finished build, the GND and Vin
pins on the SOS leak sensor should be connected to the power distribution board. The LEAK pin
on the SOS leak sensor is connected to pin 2 which allows the Arduino to use the leak sensor as
an interrupt.

Figure 51: SOS Leak Sensor Circuit
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The hydrophone circuit contains the non-inverting amplifier circuit and the hydrophone.
The amplifier circuit is a basic non-inverting amplifier, as shown in the diagram below the
picture. The hydrophone is connected into the input of the amplifier through the mono jack. The
output of the amplifier is wired to the analog pin A0 so that the Arduino can take in the samples
and begin to do the analog to digital conversion. This will then allow that sample to be processed
so that frequency can be determined and stored for later examination. When testing, the circuit
was found to be able to amplify voltages. However, due to limited resources because of the
circumstances, it was never able to fully be able to pick up sounds.

Figure 52: Picture of Hydrophone and Non-inverting amplifier circuit
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Figure 53: Non-inverting amplifier schematic [24]

2.3.2.2.2 Navigation and Communication System
The xbee circuit below is a small version of how it would have been connected on the
wave glider. The xbee is soldered onto the shield that regulates the voltage down to 3.3V, and the
shield is wired to the Arduino. The DIN and DOUT pins are connected to the Rx and Tx
respectively on the Mega. This xbee would have been paired with one of an identical model that
was intended to be the stationary modem. When the wave glider would come into range of the
stationary modem, the xbees would start the process of transferring over the stored data from the
environmental sensors.

Figure 54: Picture of Xbee circuit
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The GPS breakout board has 9 different pinouts. The wave glider only utilizes four of
these pins: GND, Vin, TX, and RX. The GPS communicates with the Arduino via serial over the
TX and RX pins. The TX pin on the GPS module is connected to RX2 on the Arduino and the
RX pin on the GPS module is connected to TX2 on the Arduino. In the image below, the GND
pin on the GPS module is connected to the GND on the Arduino and the Vin on the GPS module
is connected to the 5V out on the Arduino. In the full build, the GPS would have been connected
to the power distribution board instead.

Figure 55: GPS Breakout Board Circuit

The sonar sensor did not have a breakout board, instead the sonar comes in a waterproof
enclosure. The enclosure terminates with a waterproof screw and has four wires that extrude
from the screw. The four wires which are black for GND, red for Vin, white for TX, and green
for RX. The TX wire of the sensor is connected to RX3 on the Arduino and the RX wire of the
sensor is connected to TX3. In the image below, the GND and Vin pins are connected to the
GND and 5 volt pins on the Arduino but in the full build, these wires would have been connected
to the power distribution board.
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Figure 56: Ping Echosounder Circuit

2.3.3 Coding
The codebase for the wave glider is rather large and spread out among 9 different files
and numerous changes made to the configuration of the NVidia Nano’s operating system. There
are two different Arduino .ino files, one for each Arduino, there is a single bash script, and there
are 6 different python scripts that manage the various ROS nodes. Given the length and
complexity of the python scripts, they will not be included here. The bash script is also not
included as it is a single line of instructions. It is not necessary to include the entirety of the
codebase within this document; the codebase is located on the SD card in the Nvidia Nano within
the /home/catkin_ws/src directory. The most important and non-UX based modifications that
were made to the Nano’s operating system include a startup command that launches the ROS
nodes on a 10 minute delay, a change in the location of the Python2 interpreter, and a change to
.bashrc to automatically source the catkin_ws. The 10-minute delay timer allows for the wave
glider to be prepped and placed into the water after being powered on without needing to remote
into the computer to launch all the nodes. The Python2 interpreter was moved to try and
minimize the risk of the Python3 interpreter overwriting the Python2 interpreter when the Nano
updates. The modification to the. bashrc file was a requisite change to allow the ROS nodes to
run on start-up. The Arduino code is listed in the Appendix. Section 12.2.1 has the code that is
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for the Arduino located on the float and section 12.2.2 has the code for the Arduino located in the
submersible.

3 Realistic Constraints
3.1 Engineering Standards
To ensure that any Short-Range Wave Glider produced will be a quality instrument of
research, there are several different engineering standards that must be followed in the
manufacture and assembly of the glider. First, things must be thoroughly waterproofed. This
means that each of the dry boxes must have a waterproof rating of IP68, meaning that the dry
boxes will be both dust tights and can be continuously submerged in water without taking on
water. This is to ensure that, should the seals on the float or the submersible fail, the electrical
components running the wave glider will not get wet.
3.2 Economic Constraints
A standard wave glider is comprised of many different parts. Besides the mechanical
components, including a float, tether, and submersible, there are also a number of electrical
components to consider, including a computer, microprocessors, sensors, and thrusters among
other things. The total budget allotted for the project is $1,000, which could be entirely spent on
sensors if the team was inclined to do so. So, a prototype of the team’s ideal design will have to
be built in order to cut down cost. Therefore, the float and sub will be made out of easily
attainable materials that will not require many special tools to work with, in order to make the
mechanical elements cheap and easy to construct. Likewise, the number of elements may be
limited in order to fit within our prescribed budget.
3.3 Environmental Constraints
Our design must work within the environmental constraints of the Great Lakes. It must be
an appropriate size to do work within that ecosystem. It also must be safe for the ecosystem, so it
does not inflict any damage to the animals or environment while in use. This includes concerns
such as noise or wake created by the glider as it travels through the water. It must be sustainable,
because it is not efficient to be constantly repairing a research vessel. Additionally, the final
glider must not be made of any components what will corrode and react with the water to
produce harmful compounds. Another requirement is the safe containment, storage, and use of
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the batteries. The glider must be able to safely contain any leak that could potentially occur
during the operation of the wave glider.
3.4 Sustainability Constraints
Because our Short-Range Wave Glider is meant to be out taking data in the Great Lakes
for approximately a week at a time, it is extremely important that the materials used to construct
the glider’s components can withstand that extended period time in the water. Also, in order to
make the glider convenient and easy to use, the mechanical aspects of the system should be built
robust enough so that not only can the glider withstand a week long journey through the Great
Lakes, but that not much maintenance is needed before the glider can be launched for another
expedition. This idea also adds into the sustainability aspect of the design. Because much of this
prototype design will be made of plastic, it is extremely important that the design stands up to the
environmental strains that are put on it so that these plastic components do not have to
continually be replaced. However, the plastic used for the float will be completely recyclable.
This means that if the float needs to be repaired or if part of the float needs to replace, the old
float piece will not just go to a landfill but will be recycled.
3.5 Manufacturability Constraints
The manufacturability is also a major constraint as the entire robot must be waterproof,
which greatly impacts how it will be designed and manufactured. This is further complicated
considering all major components must be located within the robot, which must be accessible for
repairs. This requires the surface vehicle to be entirely enclosed and waterproof, yet still be able
to be opened easily by the operators.
3.6 Ethical Considerations and Constraints
Because our Short-Range Wave Glider is meant to travel through and take data within the
Great Lakes, ethical concerns will be considered closely in the design and manufacture of the
glider. The Great Lakes are extremely important bodies of water to the communities that live
along their shores. These communities rely on not only the wildlife and marine life found in and
around these lakes, but some communities also rely of the lake water to provide crop irrigation or
even for their city’s public water supply. Therefore, it is imperative that the team considered
every possible system failure scenario to ensure that there is a protocol in place to avoid
accidentally dumping harmful chemicals or other substances into the water. It’s also important
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that we have some kind of safety procedure associated with our tether and thruster systems so
that if our glider comes into contact with the wildlife in the lakes, the animals will not be in
danger of getting tangled in the tether system or being harmed by the thruster.
The team will also be very conscious of where our gaps in knowledge lie in terms of the
design and manufacture of the electrical and mechanical systems. We will ensure that, once these
knowledge gaps are identified, we consult with relevant experts in order to lead to the best
informed design possible.
Furthermore, when coding the system, the team was extremely aware of the fact the that
Glider needed to be coded so that any command sent by the operator could not be misinterpreted
and cause harm to the environment. Also, code needed to be added in that would ensure that if
any of the boards started to short or malfunction due to a water leak, the system would entirely
shut down to avoid doing damage to the lake environment.
Finally, each of the Great Lakes is slightly different. For this reason, the Wave Glider
needs to be completely washed after each mission to avoid spreading contaminants from one
Great Lake to the next.
3.7 Health and Safety Constraints
The glider will be operating in a relatively public place that is full of wildlife that is also
used by various cities along waterfronts that use the bodies of water as a source of potable water.
The glider must not harm the wildlife in the lakes, nor can the glider add toxic elements to the
body of water. This limits the materials that can be used in the construction of the glider since
no material that corrodes can be used nor can any material that could react with water to form a
toxic compound. Additionally, any potentially harmful elements, like a steel or lead ballast,
must be properly contained and protected from the environment to avoid potential
contamination.
3.8 Social Constraints
The social constraints on our project mainly reflect those already outlined in the ethical
constraints, sustainability constraints, health and safety constraints, and the political constraints.
In terms of ensuring that our project is socially conscious, the materials used in the design must
be in some way sustainable and chosen with the environment in mind. Likewise, safeguards

64

around certain elements of the glider as well as safety procedures in place to control certain
system failures must be made public and be implemented once the glider is completed for
general use. Any damage that the wave glider would inflict to the wildlife or environment around
it should be accounted for and minimized. Also, because the Great Lakes are also home to many
businesses, such as fish hatcheries or various other tourist businesses, it’s very important that the
Glider be geobounded so as not to interfere with these various operations. Finally, the team
needs to be conscious of the patents pertaining to wave gliders and similar systems that are
currently held to ensure that the optimal design chosen does not infringe on these copyrights.
3.9 Political Constraints
One of the major constraints we will be working with is current Intellectual Property and Patents
that are already filed. Since our surface vehicle is based on a robot that is currently in use for a
different purpose, making a design that is different from current is imperative. Furthermore,
buoyancy gliders are currently being used in the Great Lakes. Such gliders also hold patents and
Intellectual Property that must be researched and understood.
4 Safety Issues
In an effort to keep the Short-Range Wave Glider as safe as possible within the Great
Lakes environment, the mechanical and electrical system will have to be heavily review to
ensure that every possible negative safety aspect is considered and accounted for. Simply in
terms of design, the tether attaching the float to the sub will need to be semi-rigid. This will
ensure that the tether is unlikely to wrap around and entangle wildlife, until a rope or more
flexible cable. We will also ensure that all thrusters used in the glider’s propulsion system are
shrouded to ensure that the fish and other animals within the lake cannot be harmed by the
rotating propeller of the thrusters. These thrusters will also likely create some amount of noise
and wake as they propel the glider system through the water. These effects will be analyzed to
determine whether they pose a threat to the environment in some way.
Next, when considering the assembly of the glider, the group needs to ensure that the
adhesives and waterproofing materials used will not cause harm to the environment when the
glider is deployed. Therefore, all waterproofing materials used on the float and sub will be
heavily researched to ensure that the products used are environmentally safe.
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In terms of the electrical system, electronics will all be kept in secure IP68 dry boxes to
minimize the likelihood of any moisture reaching and effecting the electrical system. The largest
safety worry among the electrical systems is water getting into and effecting the gliders batteries.
If the lithium ion batteries that the team plans to use of the glider were to get into the water of the
Great Lakes due to some extreme structural failure, these batteries would likely cause harm to
the environment and the wildlife living there. The electrical system will also be thermally studied
to ensure that the temperature reached by the electrical components is not a danger to the wave
glider itself or the environment.
5 Impact of Engineering Solutions
This design will have an impact on how underwater data collection will occur in
underwater robots. Our Wave Glider has been designed with the intention of being modular
along with being a less expensive option. Our design is taking the essential parts of the
underwater robots putting them into a more cost-efficient solution. The ability to transfer data
wirelessly is an important factor that is being accounted for in our design of the Wave Glider.
Not only that, but our robot is going to be built to be modular. This is noteworthy as the it can be
easily modified and adapted to serve different types of data collection.
Each of these will lead to our Wave Glider making a large impact. Underwater robots are
widely used throughout the world for a variety of reasons including data collection, defense, and
conservation efforts as well as many more reasons. The robots used today are expensive, large,
and have a set purpose it completes. However, we plan to change that. Our robot is going to be
based off of the idea that sensors, propulsion techniques, and navigational systems are going to
be modular. By doing, another of the systems will have the ability to swapped out easily for new
ones. This solution has in impact in many different areas, including global, economic and
societal. Our Wave Glider will be a more economical choice for research within smaller bodies
of water, like the Great Lakes. Furthermore, if it is successful within the Great Lakes, this design
could be modified to be useful in any body of water, including oceans. This design is created to
keep the environment safe and healthy, as well as bringing a new form of data collection.
6 Life-Long Learning
Much of what is going into the Wave Glider is new to our team members. Creating a
whole mechanical and electrical system is a comprehensive undertaking. Being able to code each
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of the systems to work in harmony to collect various forms of data is a new technique that we
have not yet completed in our academic careers. Being able to integrate a mechanical system and
electrical system is extremely useful skill that will help project us into our careers to continue
learning more about robotics.
Building a mechanical system that is designed to withstand water as well as be propelled
through long distances requires a lot of planning and forethought. Furthermore, when building,
troubleshooting and critical thinking are going to be utilized to help fix any problems that may
arise. Such techniques are going to be employed and perfected to ensure that this project results
in a working prototype.
The electrical system is also going to employ many new techniques that require new
skills. Coding all of the sensors to collect data separately is the first challenge that will require a
large amount of programming knowledge to be learned. Furthermore, having those sensors
communicate with the computer to store that data is the next challenge. Having the computer
store that data to then transfer it later while still processing many other components is another
technique that will be learned by the end of this project. Lastly, creating an acoustic telemetry
system using a hydrophone is another new skill that has not learned thus far. Being able to take
the data collected and convert it into a digital signal to then be processed is something that will
be learned to complete this task.
Overall, each part of this project is going to test our limits as students and help push us to
become better engineers. The skills we learn throughout this process will encourage us continue
to become life-long learners.
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7 Budget and Timeline
7.1 Budget

Figure 57: Proposed budget.

The computer and the microprocessor are necessary to control the wave glider, process
the raw data it collects, and to communicate. The NVIDIA Jetson TX2 was chosen as it has the
computer power needed to complete all of these tasks simultaneously. In addition to this, the
Arduino mega was chosen for a similar reason. It has the ability to support the processing of data
as well as supplying the correct power and communication to the sensors of the robot.
The Wave Glider also requires a navigational system. The USV needs to have the ability
to move around the lakes by itself and to send its location to the operators. This requires an
Inertial Measurement Unit, and well as a GPS module. These will make it so the robot can
communicate with the satellites as well as be able to keep it correctly positioned in the water.
Furthermore, the Wave Glider must be able to send out pings to nearby vessels to ensure the it
does not collide with anything. Each of the components chosen in the budget for navigation were
chosen due to their quality. The navigational system is extremely important, and the components
need to be reliable and efficient.
The main purpose of the Wave Glider is data collection. Each of the sensors chosen was
due to the quality of the company and the function of the sensor. The leak sensors are essential
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for determining if leaks are occurring in dry boxes. The Conductivity, Temperature, and Depth
Sensor is one sensor that will take a multitude of measurements that will help determine the
health of the lake. Furthermore, the hydrophones are an integral part of creating acoustic
telemetry on the robot. The hydrophones on the budget were chosen due to the wide range of
frequencies they are able to record, in addition to the distance and location of such frequencies.
This will help create a versatile array on the Wave Glider.
Lithium polymer batteries were chosen due for a multitude of reasons as well. These
batteries are more efficient, have a deeper discharge and longer life span. They are extremely
effective and have the ability to power the robot throughout the duration of its missions. They
can easily be recharged and show obvious signs of puffiness when the need to be replaced.
Lithium polymer batteries were chosen to power this robot for those reasons.
As for the mechanical aspects of the glider, most of the budget allocated for robot
construction will go toward equipment and materials for fiberglass molding. By creating a
desired shape out of foam, a mold can be created that will be the exact desired size for the ShortRange Wave Glider’s float. Then, by filling this mold with a many thin layers of resin and
fiberglass sheets, a hollow, waterproof float can be created that could then be filled with the
necessary electronics for the surface side of the glider. The tubing included will be used as the
umbilical for the glider to connect the float and the submersible. This tubing will be semi-rigid to
allow the submersible to tow the float through the water. Finally, the aluminum tube and plate
will be used to fabricate the aforementioned submersible. Aluminum was chosen because it will
not rust and can easily be welded together to provide a waterproof container.
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Figure 58: Actual spending for the project.

This is the money that was spent throughout the year on the Short Range Wave Glider.
Due to the current global climate and unforeseen circumstances, it was no longer feasible to
purchase all the components that were needed to complete the wave glider. The above is what
was purchased.
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7.2 Timeline

Figure 59: Gantt chart for first semester.

During the first semester of this project, most of the team’s energy went towards
discussing and planning what the final product should look like. Each team member conduced
thorough research of underwater data acquisition vehicles that are currently in use. The team also
spend time creating preliminary designs for the mechanical and electrical systems. Block
diagrams were made for the electrical system to create a better understanding of which
components were necessary and how these components should be arranged and wired for the
system to function correctly. After several preliminary iterations of a mechanical design for the
Wave Glider, a 1:4 scale model of the chosen design was fabricated to ensure that the design was
viable. This small model was also used for waterproof testing of certain adhesives and other
materials. Finally, because of the breadth of the project, the team spend part of the first semester
of the project seeking out funding from various sources to help fund the project.
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The second semester, the Gantt chart for which is shown below, started off with the
group purchasing many of the components needed to start the final build process. This included
most of the sensors and electronics needed for the Glider’s operation, as well as the materials for
constructing the bare bones mechanical model. Once these different materials and components
were acquired, the team began breaking off to each work on their particular field of expertise.
While I began the initial build of the full scale prototype, Mary was working on creating the
circuits needed to ensure that certain components, just as the hydrophone, would work correctly.
During this time, Jason worked both on a prototype of the McKibben muscle while also
installing ROS and preparing to code and test the various environmental sensors.
Throughout the rest of the semester, I worked on manufacturing until that was no longer
feasible due to unforeseen complications with the global situation. For the rest of the semester, I
worked with the team to model the finished craft, making sure that all the components were
placed appropriately. Mary continued working with the hydrophone, as well as the
communication system. She also worked to ensure that all components would be powered
appropriately, going so far as to design a custom power distribution board and have it fabricated.
Jason worked for the rest of the semester to code many of the various sensors and other
components, such as the pressure/depth sensor, the temperature sensor, the sonar echosounder,
the thrusters, and the leak sensors. He also worked to ensure that the data from the sensors could
all be read and stored simultaneously on the system computer, as well as implementing an
emergency stop function if the leak sensors detected any water within the craft.
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Figure 60: Gantt chart for second semester.
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8 Team Member Contributions to the Project
8.1 Hannah
For the first semester of this project, I created a general outline for the mechanical
system. From this general outline, I then focused in on the optimal design that was chosen after
significant research of other underwater data collection systems and the patents that go along
with these systems. After discussing the different configurations that the wave glider system
could take on with the team, an optimal design was chosen. I then used Solidworks 2018-19 to
CAD our chosen design. Once we had an idea of the system’s scale, I began prototyping. By
making a 1:4 scale model of the system, I can cheaply and quickly construct the proposed
optimal design for the project, as well as test different construct and waterproofing methods.
Finally, I also created and updated the Gantt chart used by the team to ensure that we are on
schedule.
During the second semester of the project, I began working on building the full scale
prototype of our design. I assembled the float, connected the tether, and then connected the
submersible, ensuring that all joints and connections made were thoroughly waterproofed. As the
team thought of further mechanical components that would be needed, I designed each of these
pieces and made plans to manufacture them. However, due to unforeseen complications and the
global situation, I was unable to do any more work on the full scale prototype because of the
closure of the Engineering Building. I was able to construct wooden proof of concept models for
a few additional mechanical components, but the remainder of the semester was spent updating
the Wave Glider CAD model to ensure that every detail was represented there. I worked closely
with my other group members to ensure that the components in the model were accurately
represented and placed appropriately for their correct function.
8.2 Jason
My contributions to the project include researching and designing the buoyancy and
locomotion system. Theoretical calculations were performed to determine the viability,
feasibility, and cost of various bladder designs. Using these calculations, the team was able to
determine which option to continue pursuing and use in the final design. I also outlined the final
buoyancy design and modeled the rudder systems in Solidworks. After deciding on a size of the
final design, I started prototyping. Using a 1:4 scale down, I was able to construct a small
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prototype with which to test our design and look for problems and identify areas for
improvement.
In the second semester of the project, my contributions were towards circuit design and
software design. I designed the circuits for all the temperature, depth, and leak sensors, the IMU,
the GPS, and the echosounder. In addition to designing the circuits, I also wrote the Arduino
code that interpreted the data from these sensors. In addition to the Arduino code, I created and
wrote the codebase in Python2 to manage guidance, data logging, and the emergency shutdown.
The code was tested in the small scale and without assembling the full-scale prototype and it
appears that each system is functioning properly.
8.3 Mary Reinertson
I have created the design for the electrical system. The basic block diagram was made to
help generalize what components will be needed for the robot. From there, I was able to
determine which exact components were going to use to execute the general plan. I also analyzed
each component once they were chosen, to help create a clearer idea of how each will be
powered as well as how data will be transferred from each. Among this includes the computer,
the microprocessor, environmental sensors, how the robot will communicate any data it collects,
as well as its navigation system. I also worked on the technical specifications electrically to
determine how much power the entire robot will need to run for long periods of time. In terms of
the prototype, I created the wiring diagram for the whole Wave Glider. I troubleshot how to
power the robot and created a custom PCB to aid in this. I started building and testing the circuits
needed for the acoustic telemetry and the communication system. I began to create skeleton
codes for these two systems as well. Lastly, I created the budget and the budget justification for
this robot in relation to all the electrical components.
9 Conclusion
Overall, the Short-Range Wave Glider was designed as a customizable, modular robot
used for data collection in the Great Lakes. While it will possess some aspects of the currently
manufactured Wave Glider by Liquid Robotics, our team’s Short-Range Wave Glider will be set
apart because of the McKibben muscle powered rudder system it will utilize to propel itself
through the water. The general design of the wave glider will include a float, which will remain
on the surface of the water, an umbilical going from the float to a submersible, and a submersible
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that will swim 1-4 meters underwater. Both the float and submersible will be able to take data so
that data at the surface level and deep within the water can be compared. The float could also be
equipped with atmospheric sensors to allow further data correlation.
While the proposed budget is quite high, this budget allocated money for an ideal version
of the Short-Range Wave Glider. Many of the items of the budget, such as the equipment needed
for fiberglass fabrication and sonar or environmental sensors, may be left off in order to keep the
project within budget. This also means that the final product will be more of a prototype or proof
of concept than a robot that will be fully ready to deploy. However, once our Wave Glider has
become a fully completed product, there are many different markets which could make good use
of it. Most obviously, the glider could be used to take scientific data throughout the Great Lakes
to enable researchers to better understand the changes occurring within the ecosystem. More than
this, though, the glider could be extremely useful in fish hatcheries because of the hydrophone
system which will be employed in our design. The acoustical data taken by these sensors would
give fish hatcheries valuable information about the overall health and status of their fish. Also,
local governments could utilize the gliders to foresee environmental phenomena that would
cause harm to their communities, such as harmful algae blooms or decreased water quality due to
climate change of pollution. Not only does the Short-Range Wave Glider have a well sized and
diverse market throughout which it would be useful, the unique propulsion and sensor systems
employed on the robot set it apart from autonomous underwater vehicles currently available.

10 References
[1] “Long-Range Autonomous Underwater Vehicle Tethys.” MBARI, 28 Aug. 2019,
https://www.mbari.org/at-sea/vehicles/autonomous-underwater-vehicles/long-range-auv-tethys/.
[2] “The Great Lakes.” National Wildlife Federation, https://www.nwf.org/EducationalResources/Wildlife-Guide/Wild-Places/Great-Lakes.
[3] “The Wave Glider.” WG_SpecSheet, Liquid Robotics,
https://cdn2.hubspot.net/hubfs/287872/website-downloads/WG_SpecSheet_rev3.0_web.pdf.

76

[4] “Slocum G3 Glider.” Teledyne Marine, Teledyne Marine Company,
http://www.teledynemarine.com/Lists/Downloads/Teledyne Webb Research Brochure G3
2017_pages.pdf.
[5] Valentine, Katie. “NOAA Is Developing Underwater Robots to Map, Measure Toxicity of
Great Lakes Algal Blooms.” Welcome to NOAA Research, Welcome to NOAA Research, 14
Aug. 2019, https://research.noaa.gov/article/ArtMID/587/ArticleID/2477/NOAA-is-developingunderwater-robots-to-map-measure-toxicity-of-Great-Lakes-algal-blooms.
[6] Singh, et al. “Communication Protocols for Underwater Data Collection Using a Robotic
Sensor Network.” Communication Protocols for Underwater Data Collection Using a Robotic
Sensor Network, Institute of Electrical and Electronics Engineers (IEEE), 1 Dec. 2011,
https://dspace.mit.edu/handle/1721.1/78651.
[7] Khan, Anwar, et al. “Routing Protocols for Underwater Wireless Sensor Networks:
Taxonomy, Research Challenges, Routing Strategies and Future Directions.” Sensors (Basel,
Switzerland), MDPI, 18 May 2018, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5982538/.
[8] Martí, José Vicente, and Pedro J. Sanz. “Underwater Wireless Communications for
Cooperative Robotics with UWSim-NET.” MDPI, Multidisciplinary Digital Publishing Institute,
28 Aug. 2019, https://www.mdpi.com/2076-3417/9/17/3526?type=check_update&version=1.
[9] James, Nick. “Buoyancy Propulsion System.” NRC Publications, Laboratory Memorandum,
2004, https://nrc-publications.canada.ca/eng/view/fulltext/?id=698c1eba-bfcc-4f0c-a4e2742f716e6e66.
[10] Robotics, Liquid. “Liquid Robotics Wave Glider.” Robotics, 2019,
https://robots.ieee.org/robots/waveglider/?gallery=photo2.
[11] Robotics, Liquid. “Wave-Powered Propulsion System.” Bluebird Electric, Bluebird Marine
Systems, 2014, http://www.bluebirdelectric.net/artificial_intelligence_autonomous_robotics/liquid_robotics_wave_gliders.htm.
[12] “CPB-1 Lightweight Folding Pram.” Portable Boat Plans,
https://www.portableboatplans.com/cpb-1.php.
[13] “Jetson Download Center.” NVIDIA Developer, 9 Nov. 2019,
https://developer.nvidia.com/embedded/downloads.

77

[14] Facebook.com/zainnasir. “Introduction to Arduino Mega 2560.” The Engineering Projects,
5 Nov. 2018, https://www.theengineeringprojects.com/2018/06/introduction-to-arduino-mega2560.html.
[15] Ada, Lady. “Adafruit Ultimate GPS.” Adafruit Learning System,
https://learn.adafruit.com/adafruit-ultimate-gps/overview.
[16] “Underwater Sonar and Altimeter with Arduino.” Blue Robotics,
https://bluerobotics.com/learn/using-the-ping-sonar-with-an-arduino/.
[17] “Fast-Response, High Accuracy (±0.1°C) Temperature Sensor.” Blue Robotics,
https://bluerobotics.com/store/sensors-sonars-cameras/sensors/celsius-sensor-r1/.
[18] “Depth/Pressure Sensor for 300m Depth with 2mm Resolution.” Blue Robotics,
https://bluerobotics.com/store/sensors-sonars-cameras/sensors/bar30-sensor-r1/.
[19] “SOS Leak Sensor.” Blue Robotics, https://bluerobotics.com/store/sensors-sonarscameras/leak-sensor/sos-leak-sensor/.
[20] “T200 Thruster for ROVs, AUVs, and Marine Robotics.” Blue Robotics,
https://bluerobotics.com/store/thrusters/t100-t200-thrusters/t200-thruster/.
[21] Townsend, Kevin. “Adafruit BNO055 Absolute Orientation Sensor.” Adafruit Learning
System, https://learn.adafruit.com/adafruit-bno055-absolute-orientation-sensor/overview.
[22] “AS-1 Hydrophone.” Aquarian Hydrophones, http://www.aquarianaudio.com/as-1hydrophone.html.
[23] “XBee 3 Pro Module - U.FL Antenna.” WRL-15129 - SparkFun Electronics,
www.sparkfun.com/products/15129.
[24] Instructables. “Arduino Audio Input.” Instructables, Instructables, 27 Oct. 2017,
www.instructables.com/id/Arduino-Audio-Input/.
11 Acknowledgments
We would like to acknowledge the College of Engineering and the Honors Program at NIU for
helping to fund this project. We would also like to thank our sponsors Blue Robotics, Aquarian
Hydrophones, and Fischer Connectors. Without these entities helping to support financially, this
project would not be possible.
Furthermore, we would like to acknowledge Dr. Ji-Chul Ryu for giving us advice throughout this
process on how to feasibly build this robot. Additionally we would like to thank Dr. Benedito
Fonseca for helping research and determine how to best create a communication system that will
reliably transfer data.

78

12 Appendix
12.1 Updated Specifications
Physical
Dimensions:
Float: 1.05m x 0.31m x 0.23m (L x W x H)
Umbilical: 1m – 4m
Sub: 1m x 0.20m x 0.20m (L x W x H)
Material Options:
Float: Corrugated Plastic
Umbilical: Semi-rigid hosing
Sub: PVC Pipe
Dry Weight:
Overall: 53.7 Kg
Float: 7.0 Kg
Umbilical: 5.0 Kg
Sub: 32.0 Kg
Sensors: 9.7 Kg
Mechanical
Float Waterproof Rating: IP68
Umbilical Waterproof Rating: IP68
Sub Waterproof Rating: IP68
Electrical
Computer:
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Max Input Voltage: 5V
Max Current Draw: 2A
Communication Protocols: USB, HDMI
Inertial Measurement Units:
Max Input Voltage: 5V
Max Current Draw: 12.3mA
Operating Temperature Range: -40⁰ C - 85⁰ C
Thrusters:
Max Input Voltage: 20V
Max Current Draw: 32A
Max Power Consumption: 645W
Hydrophone:
Operating Temperature Range: -5⁰C - 50⁰C
Max Depth Rating: 80m
Frequency Range: 10Hz – 100kHz
Environmental Sensors
Max Input Voltage: 5.5V
Max Current Draw: 1.4mA
Sonar:
Max Input Voltage: 5.5V
Max Current Draw: 100mA
Frequency Range: 1Hz – 115KHz
Communication Protocol: Serial UART
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GPS
Communication Protocol: TCP, UDP
Power Supply
Types of Batteries: Lithium Ion

Environmental
Storage Temperature: -5⁰C - 35⁰C
Operating Temperature: -5⁰C - 35⁰C
Operating Environment: Outdoors, Underwater

Software
User Interfaces: Keyboards, Mouse
Hardware Interfaces: PC, Monitors, Sensors, Robotics
Communication Protocols: Zigbee
Computer Requirements:
Operating Systems: Recent Versions of Microsoft Windows, Linux

Safety


Design for prolonged/long term use



On board sensors to detect water in dry boxes



Isolate batteries from one another and apply a temperature sensor to ensure batteries
don’t overheat



System in place to detach/loosen tether if marine animal gets entangled
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Maintenance


General check of components after use



Periodic replacing waterproof material



Recalibrating sensors



Updating data collection methods on the robot

12.2 Code
12.2.1 Arduino 1 code
#include
#include
#include
#include
#include

<Wire.h>
"MS5837.h"
"TSYS01.h"
"ping1d.h"
"SoftwareSerial.h"

int leakPin = 2;
static const uint8_t arduinoRxPin = 19;
static const uint8_t arduinoTxPin = 18;
SoftwareSerial pingSerial = SoftwareSerial(arduinoRxPin, arduinoTxPin);
static Ping1D ping{pingSerial};
MS5837 bar30;
TSYS01 tempsensor;
void setup()
{
pinMode(leakPin, INPUT);
attachInterrupt(digitalPinToInterrupt(leakPin), shutdownAll, HIGH);
Serial.begin(9600);
Serial.println("Starting");
Wire.begin();
while (!bar30.init())
{
Serial.println("Init failed for Pressure Sensor!");
}
tempsensor.init();
bar30.setModel(MS5837::MS5837_30BA);
bar30.setFluidDensity(997); // kg/m^3 (997 freshwater, 1029 for seawater)
}
void loop()
{
int dataFlag = 1;
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bar30.read();
tempsensor.read();
Serial.println(dataFlag);
Serial.println(bar30.pressure());
Serial.println(bar30.depth());
dataFlag = 2;
Serial.println(dataFlag);
Serial.println(tempsensor.temperature());
dataFlag = 3;
Serial.println(dataFlag);
if (ping.update())
{
Serial.println(ping.distance());
Serial.println(ping.confidence());
}
else
{
Serial.println(999);
}
}
void shutdownAll()
{
while(true)
{
Serial.println("leak");
}
}

12.2.2 Arduino 2 code
#include
#include
#include
#include
#include
#include

<Wire.h>
<Adafruit_GPS.h>
<SoftwareSerial.h>
<Adafruit_Sensor.h>
<Adafruit_BNO055.h>
<utility/imumaths.h>

#define BNO055_SAMPLERATE_DELAY_MS (100)
Adafruit_BNO055 bno = Adafruit_BNO055(55, 0x28);
SoftwareSerial mySerial(17, 16);
Adafruit_GPS GPS(&mySerial);
#define GPSECHO true
int leakPin = 3;
void setup()
{
pinMode(leakPin, INPUT);
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attachInterrupt(digitalPinToInterrupt(leakPin), shutdownAll, HIGH);
Serial.begin(115200);
Serial.println("Starting");
Wire.begin();
while(!bno.begin())
{
}
bno.setExtCrystalUse(true);
GPS.begin(9600);
GPS.sendCommand(PMTK_SET_NMEA_OUTPUT_RMCGGA);
GPS.sendCommand(PMTK_SET_NMEA_UPDATE_1HZ);
// 1 Hz update rate
}
void loop()
{
int dataFlag = 4;
sensors_event_t event;
bno.getEvent(&event);
GPS.read();
Serial.println(dataFlag);
dataFlag = 5;
imu::Vector<3> accel =
bno.getVector(Adafruit_BNO055::VECTOR_ACCELEROMETER);
Serial.println(dataFlag);
Serial.println(accel.x());
Serial.println(accel.y());
Serial.println(accel.z());
dataFlag = 6;
if (GPS.hour < 10) { Serial.print('0'); }
Serial.print(GPS.hour, DEC); Serial.print(':');
if (GPS.minute < 10) { Serial.print('0'); }
Serial.print(GPS.minute, DEC); Serial.print(':');
if (GPS.seconds < 10) { Serial.print('0'); }
Serial.print(GPS.seconds, DEC); Serial.print('.');
Serial.println(GPS.day, DEC);
Serial.println(GPS.month, DEC);
if (GPS.fix)
{
Serial.print(GPS.latitude, 4); Serial.print(GPS.lat);
Serial.print(", ");
Serial.print(GPS.longitude, 4); Serial.println(GPS.lon);
}
delay(BNO055_SAMPLERATE_DELAY_MS);
}
void shutdownAll()
{
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while(true)
{
Serial.println("leak");
}
}

12.3 Future Improvements
There are several improvements that could be made the Short Range Wave Glider. The
first of which is adding atmospheric sensors into the float. Doing so would help create a clearer
picture of how the air conditions are related to the water conditions. It would also help track
those to throughout time to see any changes that could be occurring.
Another is improving the acoustic telemetry system. This could be done by utilizing an
analog to digital converter instead of the Arduino. This would allow for a higher sampling rate.
Not only but an analog to digital convertor could be more powerful and would process the
signals quicker. This would help make a clear picture of what aquatic bioacoustics could be
going on in the area.
Finally, to mechanically improve the system for future iterations, the design of the
submersible needs to change. The large PVC submersible requires several hundred pounds of
concrete to make it neutrally buoyant. This became necessary too late in the design process for
the group to completely redesign the submersible. However, for the next iteration, the
submersible should be made much smaller or be designed differently to cut out the need for the
weight of the concrete.

